Abstract Evidence suggests early events might modify adult breast cancer risk and many adolescents learn of familial and genetic risks for breast cancer. Little is known about how adolescent girls understand and respond to breast cancer risk. Semi-structured interviews with 11-19 year-old girls at high-risk and population-risk for breast cancer evaluated knowledge and perceptions of breast cancer risk and risk modification. Framework analysis and descriptive statistics were utilized to analyze openended responses. Risk group and age differences were evaluated by Fisher's exact and McNemar's tests. Fiftyfour girls (86 % of invited), 35 high-risk (65 %), and 19 population-risk (35 %) completed interviews. The most frequently reported risk for breast cancer was family history/hereditary predisposition (66 %). Only 17 % of girls were aware of BRCA1/2 genes. The majority (76 %) of high-risk girls perceive themselves to be at increased risk for breast cancer, compared to 22 % of population-risk girls (p = 0.001). Half of girls reported that women can get breast cancer before 20-years-old. The majority believe there are things women (70 %) and girls (67 %) can do to prevent breast cancer. Mother was the most frequently reported source of information for breast cancer among both high-risk (97 %) and population-risk (89 %) girls. In this study, many high-risk girls perceive themselves to be at increased risk for breast cancer, and many girls believe that breast cancer can occur in teens. Yet, most girls believe there are things women and girls can do to prevent breast cancer. Research evaluating the impact of awareness and perceptions of breast cancer risk on psychosocial, health, and risk behaviors is needed to develop strategies to optimize responses to cancer risk.
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Introduction
Currently, one in eight women will be diagnosed with invasive breast cancer [1] . Breast cancer risk is increased 2-4 fold among those with a family history, and 5-7 fold among BRCA1/2 mutation carriers [2] . BRCA1/2 testing can confirm a genetic risk for many women, and ongoing research evaluating other genetic contributors is expected to be relevant to the large population of breast cancer families without a known genetic alteration in their family [3, 4] . Currently, risk reduction options for high-risk women include prophylactic surgeries, heightened surveillance, and/or chemoprevention. These interventions and BRCA1/2 testing are generally not recommended before 25-years-old [5, 6] .
There are, however, several reasons breast cancer risk is relevant in adolescence. Adolescence is a key period of carcinogenic vulnerability [7, 8] and there is growing research evaluating how early-life events (e.g., exposures, biologic changes) might modify risks for adult breast cancer [7, [9] [10] [11] . In addition, many health and risk behaviors begin in, or become established in adolescence [12] [13] [14] [15] [16] . Equally important, the majority of offspring in high-risk families learn of familial and genetic risks for breast cancer at a young age [17] [18] [19] [20] . In addition, breast cancer media coverage, awareness campaigns, and educational programs increasingly target youth [21] [22] [23] , reaching both high-risk and population-risk girls outside the context of their families [24] . Small studies suggest that adolescent girls in the general population and girls of mothers with breast cancer are aware of, and concerned about their risk [17, [25] [26] [27] [28] [29] [30] [31] [32] [33] . In addition, they are susceptible to media reports, leading to misperceptions [24, 26, 27] . What highrisk and population-risk girls know and perceive of breast cancer risks, its impact on their psychosocial well-being and adoption of preventive health and risk behaviors and how these change over time remains unknown.
While several studies have evaluated psychosocial adjustment among daughters of breast cancer patients, few studies have directly examined knowledge and perceptions of breast cancer risk and few have included girls from highrisk families without a maternal breast cancer. This study aims to address these gaps via theoretically-informed semistructured interviews with 11-19 year-old girls at high-risk and population-risk for breast cancer. Constructs from the Self-regulation Theory of Health Behavior (SRTHB) provided a framework for the interview questions [34] [35] [36] [37] . The goals of this study were to evaluate adolescent girls' representations of breast cancer, health behaviors to prevent or reduce risks for breast cancer, and the impact of these health behaviors, as well as to identify sources of information among girls from both breast cancer families (i.e., high-risk) and families without breast cancer (population-risk).
Materials and methods

Participants
Participants included 11-19 year-old girls and their mothers. Definitions of risk were selected to reflect both objective and ''common-sense'' representations of breast cancer risk, which the SRTHB posits has greater impact on performance of health behaviors than objective risk [12, 15, 34, 38, 39] . Girls were classified as high-risk if they: (a) had a parent with a BRCA1/2 mutation or (b) at least one first-degree or second-degree relative with breast cancer. Although the numbers are small, qualitative categories of risk were also defined (see Table 1 ) for exploratory analyses. Risk was determined after recruitment on the basis of mother reported family history. Institutional Review Board approval was obtained. Girls were identified through mothers in the Fox Chase Cancer Center Risk Assessment registry and clinics, a friend cohort and a local community pediatric practice between June 2009 and August 2010. Mothers provided parental permission for daughter participation. Mothers and daughters provided verbal and written consent and assent for their respective participation. We used stratified purposeful sampling to identify the range of variation between risk groups and across the age span, to inform hypotheses for future studies [40] . We sought to enroll a minimum of 10-15 girls per risk group to achieve theoretical saturation for open-ended responses in both risk groups [41] . We recruited additional girls to achieve representation across all age groups.
Survey instrument
A semi-structured telephone interview for daughters and a brief mother survey were developed to evaluate SRTHBinformed constructs. We incorporated a qualitative approach, given that few studies have explored adolescent representations of breast cancer as a disease threat. 
Statistical analyses
Open-ended responses were analyzed using Framework analysis [42] [43] [44] [45] [46] . Investigators first intensively reviewed participant responses, identifying recurrent themes through methods of constant comparison [43, 47, 48] . Investigators then reviewed a subsample of responses (30 %) to develop a thematic framework. Two investigators (AB, LPM) independently assigned thematic codes to the subsample (inter-rater agreement 98 %) [48] . Themes were compared, definitions agreed, emerging themes added, and thematic charts/indexes created. Resulting codes were then applied to the remaining sample and refined to include new themes as they emerged. Responses could be coded for more than one theme and differences in code assignments were resolved through inter-coder discussion. Descriptive statistics were utilized to characterize and describe patterns in the structured and coded responses [49, 50] . Exploratory analyses were conducted to explore differences by risk (high-risk vs. population-risk and high-risk subgroups) and age (11-13, 14-16, 17-19 years old) group using Fisher's exact tests and McNemar's tests. As suggested by others, evaluating small age ranges among adolescents from early to late adolescence can be useful to identify subtle adolescent developmental transitions in early, middle, and late adolescence [51] .
Results
Participants
Fifty-four girls (86 % of invited) completed interviews. Sixty-five percent were high-risk. High-risk subgroups and other participant characteristics are further described in Table 1 . Interviews conducted by telephone lasted on average 57 min (range 35-90).
Knowledge of risk factors for breast cancer
In response to an open-ended question inquiring why women, in general get breast cancer, the most frequently reported reason was family history or genetic predisposition (66 %) (Fig. 1a) . For example, ''It is mostly genetic. If you have a history you are more susceptible'' (16-year-old high-risk girl). Other reasons included exposures, somatic genetic changes (i.e., in contrast to inherited genetic changes), chance, not taking care of oneself, obesity, and poor diet. In addition to alcohol and tobacco, environmental exposures, such as ''Pollution and radiation in our world today'' (16-year-old population-risk girl), and ''things in the water bottles'' (16-year-old high-risk girl) were perceived as important. Of note, 17 % of girls reported they did not know why women get breast cancer. Reported risk factors did not differ significantly by risk group or qualitative high-risk categories. They also did not differ by age with the exception of younger girls reporting ''not sure'' more frequently than older girls (31 % among 11-13 year-old vs. 13 % among girls [13 year-old), although this was not statistically significant. In response to a second question asking about risk factors for breast cancer for themselves, family history, or genetic predisposition was again the most frequently reported theme (Fig. 1b) , which was reported significantly more frequently among high-risk girls (p = 0.05) and did not appear to differ by high-risk subgroups. ''Not sure'' was the second most frequent response. Population-risk girls reporting family history or genetics as a reason they might get breast cancer frequently mentioned, in open query, other (often female) cancers in the family, or thirddegree or more remote family members with a history of breast cancer. Risks factors girls reported for themselves did not differ by age.
In response to close-ended questions, the majority of girls (96 %) reported that a family history increases a person's risk of developing breast cancer, which was significantly higher than the percentage of girls (83 %) who reported that a family history of cancer, in general, increases a person's risk for developing other cancers (p = 0.025). Responses did not differ significantly by age or risk group. Although the majority (98 %) of girls reported that one can be at increased risk if their mother or mother's relatives have breast cancer, fewer (85 %) reported an individual's risk was increased if their father or father's relatives have breast cancer. The majority of highrisk (83 %) and population-risk girls (84 %) reported that they had never heard of BRCA1/2 genes. Knowledge of BRCA1/2 genes was more frequent among girls [13 years-old (8 % girls 11-13 years old vs. 32 % girls [13 years-old), although the difference was not statistically significant. The mean age of daughters of mothers who had had genetic testing (15.3-year-old, SD 2.14) did not significantly differ from that of daughters of mothers who had not had genetic testing (15.1 year-old, SD 1.9), p = 0.69 by t test. Daughters of mothers who had completed BRCA1/2 testing were more likely to report knowledge of BRCA1/2 genes than those whose mothers had never had testing (22 vs. 11 %), although this was not statistically significant. Among the six daughters of BRCA1/2 mutation carriers, four mothers reported sharing test results with their daughters (15-17 years-old), but only one daughter (15-year-old) reported awareness of BRCA1/2 genes.
Perceived risk and timeline of breast cancer
The majority (76 %) of high-risk girls indicated that they perceive themselves to be at increased risk for breast cancer, compared to 22 % of population-risk girls (p = 0.001). These differences were significant across all age groups (Fig. 2a) . Girls of BRCA1/2 positive mothers and those with [1 relative with breast cancer appeared more likely to perceive themselves to be at high-risk than daughters with only one relative with breast cancer (i.e., mother with breast cancer or 1 second-degree relative with breast cancer). Forty-five percent of girls who believe themselves to be at increased risk reported that they believe they can develop breast cancer before 20-year-old. The most frequent reason girls reported this age of onset was puberty or breast development (28 %), e.g., ''as soon as you start developing breasts'' (13-year-old high-risk girl). These responses did not differ by age or risk group. Other reasons were media or experiences outside the family (9 %), increasing risk with age (7 %) or experience in one's family (4 %). Examples include: ''I saw someone at my mom's chemo who was 14 00 (16-year-old high-risk girl) and ''I heard of a girl getting breast cancer at 20 in a magazine'' (17-year-old high-risk girl).
Similarly, among all girls, 50 % of girls reported that women in general can get breast cancer before 20-years old (Fig. 2b) and did not differ significantly by risk group or high-risk subgroups. Girls 11-13 years-old were more likely to report that breast cancer can occur for women in general in their 20's (46 %) compared to girls [13 (17 %, p = 0.06). Again, the most frequently reported reason for earliest age of breast cancer onset among women in general was puberty or breast development (50 %), media or experiences outside the family (11 %), increasing risk with age (6 %) and experiences in their family (6 %). In addition, 30 % of girls did not provide a reason for their reported perceived earliest age of breast cancer onset in women in general. As shown in Fig. 2b , fewer girls (21 %) reported an age of onset for women in their family \20 years-old, as compared to the earliest age of onset for women in general (45 %, p \ 0.01).
Perceived preventability and controllability of breast cancer
The majority (70 %) of girls reported that there are things women can do to prevent breast cancer. High-risk girls were more likely than population-risk girls (74 vs. 63 %) to report there are things women can do to prevent breast cancer, although this difference was not statistically significant. The results did not differ significantly by age or high-risk subgroups. The methods most frequently reported were screening mammograms, self-exams, breast MRI or clinical breast exam (34 %), healthy diet (24 %), general health maintenance (21 %), exercise (18 %), and avoiding exposures (e.g., tobacco, alcohol, radiation or chemicals, 18 %) . Sixty-seven percent of girls reported there are things girls their own age can do to prevent breast cancer. The data suggests that with increasing girls' age, girls more frequently report there are things women can do to prevent breast cancer and less frequently report there are things girls can do to prevent breast cancer, although these differences were not statistically significant. While perceived controllability in adolescence did not appear to differ among high-risk and population-risk girls, girls of mothers with a BRCA1/2 mutation and mothers with breast cancer appeared less likely to perceive there are things girls can do to prevent breast cancer. The most frequently reported risk reduction methods were general health maintenance (34 %), screening-most frequently self-breast exam (25 %), healthy diet (23 %), exercise (17 %), and avoiding exposures (e.g., tobacco, alcohol, radiation, or chemicals, 17 %). Risk reduction methods for girls did not differ significantly by risk group or age.
The majority of girls (74 %) also reported that breast cancer can be cured, with population-risk girls (79 vs. 71 % among high-risk) and younger girls (85 % among 11-13 vs. 71 % among [13 years-old) more frequently reporting breast cancer is curable, although these differences were not statistically significant.
Sources of information
Mothers were the most frequently reported source of breast cancer information among both high-risk (97 %) and population-risk (89 %) girls across all age groups (Fig. 3a,  b) . Other frequently reported sources included health care professionals, media (including television, radio, and print media) and school. Among high-risk girls, health care professionals were reported more frequently with increasing age (p = 0.06, Fig. 3a) . Sources of information did not appear to differ by high-risk subgroups. School was more frequently reported with increasing age among populationrisk girls (p = 0.06, Fig. 3b ).
Discussion
The majority of adolescents in high-risk families learn of familial and genetic risks for breast cancer at a young age [17] [18] [19] [20] . Thus, understanding what adolescent girls know and perceive of breast cancer risks, its impact on their psychosocial well-being and adoption of preventive health and risk behaviors and how these change over time is crucial for health care providers and families, particularly as genetic and genomic testing expands [52] [53] [54] [55] . This study examined representations of breast cancer as a disease threat, health behaviors to prevent or reduce risks for breast cancer, and the impact of these health behaviors, as well as sources of information for breast cancer. In this sample, the majority of high-risk girls perceived themselves to be at increased risk for breast cancer, while most population-risk girls did not. Other studies of adolescent girls not selected for family history and girls of mothers with breast cancer have reported similar findings [17, [25] [26] [27] [28] [29] [30] [31] [32] [33] . In our study, this heightened risk perception existed even among the youngest girls (11-13 years-old). Consistent with the SRTHB, the majority of girls identify family history as a key risk factor for breast cancer and the data suggest that degree of family history may also impact perceived risk. Interestingly, few high-risk or population-risk girls reported knowledge of breast cancer genes, consistent with a study by Capelli et al. [25] . Our data suggest that awareness of familial risk for breast cancer and breast cancer genes might be more frequent among girls [13 years-old. Understanding how and when adolescent girls understand genetic risks is important given that many parents share their BRCA1/2 test results with their children [17, 18, 20] , and genetic information is more frequently incorporated into medical care [52] .
To our knowledge, this is the first study to report when adolescent girls believe women can get breast cancer. Fifty percent of girls reported that breast cancer can occur \20 years-old. While women at familial or genetic risk for breast cancer are more likely to develop premenopausal breast cancer, medical reports of breast cancer before 20-years-old are rare [56] . Importantly, at the time this study was conducted, the media had recently reported breast cancer in a 10-year-old girl [57] . While this might have influenced the results, the findings from our study suggest that girls believe that women and more importantly themselves, can develop breast cancer at young ages. In contrast, a study of 8-18 years-old, primarily populationrisk girls in Philadelphia schools found only 3 % of girls reported that breast cancer is common in teens [27] . These data suggest that perceptions of girls from breast cancer families might differ and highlights the potential for media reports to impact health beliefs [58] . Equally important, many girls identified normal pubertal development as the rationale for perceiving themselves to be at risk in their teen years. This misperception has also been reported by Weiss et al. [27] , which might have greater affective, cognitive, and behavioral impact among high-risk girls. Future studies of the attributes of breast cancer threat and its impact on psychosocial and behavioral outcomes among girls across the spectrum of risk have the potential to inform the development of interventions to optimize psychosocial and behavioral responses to breast cancer awareness. Education about when women can get breast cancer, and the rarity of early breast cancer reported in the media could be relevant components of future interventions. Mother, health care providers, and school-based programs could be considered in the development of future interventions.
Importantly, the majority of girls believe there are things women and girls can do to prevent breast cancer, suggesting a potential ''teachable moment'' among adolescents Fig. 3 a Sources of information for breast cancer among highrisk girls by age (n = 54). b Sources of information for breast cancer among population-risk girls by age (n = 54) that might be sustainable across the lifespan [15, 28] . Although the majority of girls who perceive breast cancer risk as modifiable might be more likely to have adaptive responses to knowledge of their breast cancer risk, girls who do not might be at risk for greater distress [34, 59] . Our data suggest that this might be particularly important for older adolescent girls, as perceptions of the efficacy of risk reductive behaviors in youth appear to decline with increasing age.
An important finding from this study was the role of mothers as a source of information about breast cancer. Studies have shown that many adult women have misperceptions about risks for breast cancer [26, 60, 61] . A better understanding of what mothers know, perceive, and communicate to adolescents could be important to understanding knowledge and perceptions in adolescent girls. Educational interventions targeting mothers might be effective interventions to optimize adolescents' responses to breast cancer information. In addition, health care providers for women at risk for breast cancer could play an important role in addressing maternal distress and misinformation, which might optimize adaptive communication among mothers and daughters regarding breast cancer. It will also be important to better understand the impact of media and internet sources of information in adolescent girls [24] .
We acknowledge several limitations to this study. This was a small and select population in a study designed to inform instrument development and hypotheses for future investigation. Participants were from highly educated families and exclusively white. Consistent with standards in pediatric and adolescent research, parental permission was required [62] . Thus, it is possible that mothers and families with more open communication about breast cancer may have been more likely to permit daughter participation. This exploratory study was not powered to detect differences by risk group or age. Open-ended items were utilized to provide a range of responses for many constructs and confirmation with quantitative scales will be valuable. In addition, further investigation of potential differences across the spectrum of high-risk categories is needed.
In conclusion, the majority of girls at high-risk for breast cancer perceive themselves to be at increased risk and many girls (both high-risk and population-risk) believe that breast cancer can occur in the teens. Yet, most girls believe there are things that women and girls can do to prevent breast cancer. The psychosocial and behavioral impact of growing up in a family at increased genetic or familial risk for cancer remains unknown, but will become increasingly important as genetic testing expands, creating an increasing population of families at ''high-risk'' for cancer. Translating these findings into effective interventions across the continuum of risk and age will require an understanding of how girls perceive and utilize breast cancer risk and risk prevention information and could provide opportunities to improve breast cancer prevention efforts across the female lifespan.
